L I F E MODELING OF THERMAL BARRIER COATINGS FOR AIRCRAFT GAS TURBINE ENGINES
be e x p l o i t e d f u l l y . F u r t h e r d e t a i l s may be f o u n d i n M i l l e r ( 1 9 8 7 ) . DeMasi e t a l . , ( 1 9 8 8 ) , Strangman e t a l . , ( 1 9 8 7 1 , and H i l l e r y ( 1 9 8 7 ) .
The NASA t h e r m a l b a r r i e r c o a t i n g l i f e model d e v e lopment p r o g r a m c o n s i s t e d i n i t i a l l y o f an i n -h o u s e p r ogram d e s i g n e d t o i m p r o v e u n d e r s t a n d i n g and t o d e v e l o p a model s u i t a b l e f o r t r e a t i n g l a b o r a t o r y l i f e d a t a ( M i l l e r , 1 9 8 7 ) . T h i s work was t h e n e x t e n d e d v i a t h r e e c o n t r a c t s u n d e r t h e HOST p r o g r a m t o t h e d e v e l o p m e n t o f d e s i g n -c a p a b l e m o d e l s (DeMasi e t a l . , 1988; Strangman e t a l . , 1987; H i l l e r y e t a l . , 1 9 8 7 ) . These c o n t r a c t s were d e v i s e d d e t e r m i n e t h e r m o m e c h a n i c a l p r o p e r t i e s , t o a n d l y z e c o a t i n g s t r e s s e s and s t r a i n s , and t o d e v e l o p l i z e m o d e l s . Phase I o f each c o n t r a c t has now been succ e s s f u l l y c o m p l e t e d , and t h e r e s u l t s w i l l be summarized i n t h i s p a p e r .
COATING FAILURE MECHANISMS
A b a s i c u n d e r s t a n d i n g of c o a t i n g f a i l u r e mechanisms i s a p r e r e q u i s i t e t o t h e d e v e l o p m e n t o f l i f e p r e d i c t i o n m o d e l s . F a i l u r e mechanisms i n gas t u r b i n e e n g i n e s and i n l a b o r a t o r y s i m u l a t i o n s have been d i s c u s s e d i n d e t a i l e l s e w h e r e ( e . g . , M i l l e r , 1987; DeMasi e t a l . , 1988; Strangman e t a l . , 1987, H i l l e r y e t a l . , 1 9 8 7 ) . T h e r e i s now g e n e r a l a g r e e m e n t t h a t t h e s e c o a t i n g s f a i l p r i - 
I N I T I A L LABORATORY MODEL DEVELOPMENT
A p r e l i m i n a r y l i f e p r e d i c t i o n model has been d e s c r i b e d ( M i l l e r , 1987; M i l l e r , 1984; M i l l e r e t a l . , 1 9 8 4 ) . T h i s model assumed t h a t t h e comolex s t a t e o f 1 ; t r e s s and s t r a i n imposed o n t h e c o a t i n g s y s t e m b y t h e t h e r m a l l o a d s c o u l d be e x p r e s s e d i n t e r m s o f a s i n g l e p a r a m e t e r . T h i s p a r a m e t e r was l a b e l l e d c r -w h i c h was t a k e n t o be t h e r a d i a l component of t h e t h e r m a l expans i o n m i s m a t c h s t r a i n . N e x t i t was assumed t h a t t h e t i m e -a t -t e m p e r a t u r e e f f e c t s c o u l d be t r e a t e d i n t e r m s 3 f G x i d a t i o n a l o n e and t h a t o x i d a t i o n c o u l d be c h a r a ct e r i z e a b y t h e w e i g h t g a i n a t t h e c o n c l u s i o n o f each c:icle "?.I. Then, w e i g h t g a i n and s t r a i n were r e l a t e d . s i n g e i t h e r o f two a l t e r n a t e a p p r o a c h e s . I n t h e f i r s t r a s e . a e p i c t e d i n F i g . 3 ( a ) , a n o x i d i z e d c o a t i n g i s 3jsumea t o benave as i f a n e f f e c t i v e s t r a i n c e i s i n c r e a s i n g . A t z e r o w e i g h t g a i n t h i s e f f e c t i v e s t r a i n ? i u a i s rbe r -a d i a l s t r a i n E,-. A t a c r i t i c a l w e i g h t g a i n ;I,---;efir;ed a; ;ne !weight g a i n r e q u i r e d t o f a i l t h e c z a t i n g 'n a s i n g l e c y c l e --. where Nfn i s t h e a p p a r e n t number of c y c l e s r e m a i n i n g a f t e r c y c l e N and w e i g h t g a i n Wn.
F i g u r e 4 i l l u s t r a t e s t h e f i t s o b t a i n e d u s i n g e x p r e s s i o n 4 a n d a p p l y i n g i t t o l i f e d a t a c o l l e c t e d a t 1100 O C f o r t h r e e d i f f e r e n t c y c l e l e n g t h s . I t s h o u l d be m e n t i o n e d t h a t t h e s e t o f p a r a m e t e r s g i v e n i n t h e f i g u r e a r e n o t u n i q u e . Numerous o t h e r s e t s p r o v i d e e q u a l l y good f i t s . F o r example r a i s i n g t h e assumed v a l u e o f b w h i l e l o w e r i n g t h e s t r a i n r a t i o p r o d u c e s an e q u a l l y good f i t . A l s o , t h e l i f e d a t a can be F i t e q u a l l y w e l l u s i n g e x p r e s s i o n s 4 or 5 . , i s t h e s t r a i n r e s u l t i n g from t h e h e a t i n g t r a n s i e n t , A c c i s t h e s t r a i n r e s u l t i n g from t h e c o o l i n g t r a n s i e n t , and o y s l E i s t h e e l a s t i c s t r a i n a t y i e l d i n g . The assumed r e l a t i o n s h i p b e t w e e n o x i d a t i o n and s t r a i n , a n a l o g o u s t o e x p r e s s i o n 2 , was . c , . d
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where o x i d a t i o n has been e x p r e s s e d i n t e r m s o f t h e o x i d e l a y e r t h i c k n e s s 6 r a t h e r t h a n t h e s p e c i f i c w e i g h t g a i n w. The i n e l a s t i c s t r a i n r a n g e was c a l c ul a t e d u s i n g f i n i t e e l e m e n t t e c h n i q u e s w h i c h employed a t i m e d e p e n d e n t i n e l a s t i c model d e v e l o p e d b y W a l k e r ( 1 9 8 3 ) . Company ( S t r a n g m a n e t a l . , 1987) may be e ( 1 3 ) where ~C R Z i s t h e s h e a r s t r a i n r a n g e , A E R i s t h e n o rmal s t r a i n r a n g e , and Nf The r o l e of s h e a r i n g s t r e s s e s , i n c l u d i n g t h e r o l e t h a t s h e a r i n g a t an edge may p l a y i n r e d u c i n g t h e f a t i g u e e x p o n e n t , is 
